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TECHNICAL MEMORANDUM X- 64680 


HEAO STAR TRACKER SEARCH PROGRAM 
I. INTRODUCTION 

The High Energy Astronomy Observatory ( HEAO) requires a highly 
accurate and flexible control system to accommodate its scientific payload. 

One of the critical elements in this system is the star tracker subsystem which 
defines an accurate attitude reference about all three axes. The ability of a 
particular star tracker configuration to meet the requirements for attitude ref- 
erence at various vehicle orientations can best be evaluated by a star search 
computer program in conjunction with an adequate star catalog. Such a pro- 
gram could provide information on star availability, recognition, and occulta- 
tion. This information is needed to determine tracker system characteristics 
such as number and orientation of trackers, fie Id- of- view, sensitivity, and 
gimbaled versus fixed-head trackers. The purpose of this report is to describe 
a specific star search program used in the HEAO studies, discuss its opera- 
tion, and present some typical results. This particular program was originally 
adapted from a Teledyne Brown Engineering Company program and was modi- 
fied to meet the specific requirements of this study. 

II. PROGRAM GENERAL DESCRIPTION 

This sectipn_will-be -devoted-to-a-general- description' of 'the capabilities^ 

limitations, and use of the star search program developed for this study. This 
program gives star availability information throughout all or a portion of a 
year. It is set up for a vehicle which maintains one axis pointing at the sun and 
may rotate to any angle about this axis. This is the general pattern for HEAO, 
although the HEAO sunline axis will be permitted to move off the sun by as 
much as 30 degrees to allow the experiment axis to acquire a target out of 
plane. The parameters of earth orbit are not considered; therefore, earth 
occultation is not considered. Since one axis is held along the sunline, sun 
occultation is avoided by not pointing any trackers within some cone angle of 
this axis. Star pattern recognition was not attempted because present needs 
did not require such information. This program was originally intended for 
fixed-head star trackers. It may, however, be applied to gimbaled trackers 
if a circular effective field-of-view may be assumed. All of the inputs and 
outputs would pertain to the effective field-of-view, and no information would 
be gained on the instantaneous field-of-view. 



The star search program is presently set up for the CDC-3200 computer 
( 32 K core) . The program can handle a catalog of 7000 stars and up to 10 star 
trackers in any orientation. This is more than sufficient for a catalog of stars 
of magnitude 6. 00 and brighter. If, however, a larger catalog is required, the 
program could be modified to accept the catalog in batches. 

At the beginning of a set of cases, the user enters the specially pre- 
pared star catalog into the computer. The preparation of this catalog is 
covered in detail in Appendix C. He then enters the number of trackers, pro- 
gram control variables, and specification of each tracker. The program con- 
trol variables consist of initial and terminating conditions, and program incre- 
ment sizes. The specification of a tracker consists of the diameter of the 
field-of-vew, the magnitude of the dimmest star which can be seen, and com- 
ponents of a unit vector along the look direction of the tracker given in a body- 
fixed reference coordinate system. Then, the number of stars found in the 
catalog and all of the inputs are printed. 

The program begins at the specified initial sunline, and increments 
the vehicle through a full revolution about this sunline. The direction of the 
sunline is then incremented, and another revolution is performed. This con- 
tinues until the specified final sunline direction is reached. At each vehicle 
orientation, a search through the star catalog is performed for each tracker. 

At the completion of each sun angle, the following data summarizing the results 
for this sun angle are printed: 

1. Sun angle. 

2. Percent fix (percent of vehicle orientations for which at least one 
star was seen in two or more star trackers simultaneously) . 

3. For each tracker: 

a. Tracker number. 

b. Percent coverage (percent of vehicle orientations for which this 
tracker saw at least one star) . 

c. Average number of stars seen per look direction. 

d. Greatest number of stars seen at any one look direction. 
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At the completion of each case, the program prints the following data: 

1. Total number of vehicle orientations. 

2. Percent fix over entire case. 

3. For each tracker: identical data to sun angle print, but computed 
over entire case. 

At the completion of a case, the program will read the set of data for 
the next case. A blank card following the data for the last case causes the 
program to terminate. 

Since a star search program inherently involves a large number of com- 
putations, efforts have been made to reduce computing time and make the pro- 
gram reasonably efficient. A rather elaborate search routine is used, and 
subscripting is held to a minimum within the search loop. 

A discussion of runs which have been made with this program is con- 
tained in a later section, and some example runs are given in Appendix D. 

III. DEFINITIONS 


This section will be devoted to defining the form of the star catalog, 
the coordinate systems used, and the program variables. 

The star catalo g is compiled into_the_r.equired-special-form -and — 

recorded onto magnetic tape by a separate program. The entry for each star 
contains right ascension, declination, and magnitude information in integer 
form. The rules for the integer conversion are as follows: 

( Star right ascension) ISTRA=50.*( STRA-180. ) 

( Star declination) ISTDC=100.*STDC 

( Star visual magnitude) ISTMG=100. *STMG 

where STRA is given in degrees from the ascending line of nodes ( 0 to 360 
degrees) , STDC in degrees (±90 degrees) , and magnitude in its conventional 
form. Converting the catalog to integer form reduces computer storage 
requirements for the catalog by a factor of two. The stars are ordered in the 
catalog according to increasing declination. This ordering is germane to the 
search routine. Thus, the integer forms of right ascension and declination 
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have a range of ±9000, integer magnitude has a nominal range of -160 to +900, 
and the integer declination increases monotonically through the catalog. The 
details of the program which prepares the catalog, and a discussion of the 
problems encountered in preparing the catalog which is presently being used 
are contained in Appendix C. 


At the beginning of execution of the star search program, the star catalog 
is read from magnetic tape into the computer core memory. Because of core 
size limitations, the catalog may contain no more than 7000 stars. If a larger 
star catalog is required, the program could be modified to accept the catalog 
in batches, or the program could be moved to a larger computer. Alternately, 
the program could be moved to a computer which has fast access mass storage 
( i. e. , disk) , and the program modified to perform the search directly from 
mass storage rather than from core memory. At present a catalog of 4827 
stars of magnitude 6. 00 and brighter is being used. 


Four coordinate systems are used ( Fig. l) . A reference coordinate 
system (X^, Y^, Z^) is body-fixed, with always pointing along the sunline. 

For HEAO-C, is taken to be the experiment pointing axis. The orientation 

of each star tracker is specified by inputing the components of a unit vector in 
the direction of the tracker in the reference coordinate system. A solar- fixed 

coordinate system (X , Y , Z ) has X directed from the earth to the sun in 

s s s s 

the ecliptic plane, and Z perpendicular to the ecliptic plane directed north- 

s 

ward. The X , Y^, Z^ system rotates through an angle 0^ from the X g , Y , 

Z system about the X = X axis ( vehicle rotating about the sunline) . An 
s si* 

inertial ecliptic coordinate system (X 1? Y t , Z 4 ) has Xj directed from the earth 
along the line of ascending nodes ( Aries) , and Z i = Z is perpendicular to the 

S 

ecliptic plane. The sunline X rotates through an angle 0 from Xj about the 

s s 


Zj = Z axis. Thus, 0^ is a measure of the time of year from vernal equinox. 

A geocentric inertial system (X , Y , Z ) has X = Xj pointing toward Aries 

g g g g 

with Z perpendicular to the equatorial plane in the northward direction. The 
g 

X t , Y 1# Z t system is rotated through an angle 0 of 23.45 degrees from the X , 

e g 

Y , Z system about the X = X. axis. Alternately, a direction in the X , Y , 
g g g g g 

Z system may be given by right ascension from the X axis and declination 
g g 

above the equatorial plane. This is the system in which the star catalog is 
given, and the system in which the star search is carried out. 
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ARIES 


Figure 1. Coordinate systems. 

Table 1 is a list of the names and definitions of variables used in the 

star sear ch program. The_dimensions-of-ar-ray-variables are-given - within~the~ 

subscript parentheses. In general, the variable N is used to refer to the Nth 
star for the three arrays which contain the star catalog, and M is used to 
refer to the Mth star tracker for the tracker- related variables. The variables 
are grouped into the following categories: 

1. Constants and Miscellaneous 

2. Coordinate System Variables 

3. Star Variables 

4. Tracker Variables 

5. Bookkeeping Variables 
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Within each group the variables are ordered in approximately the order in 
which they occur in the program. The implied specification of integer and 
floating point variables is followed throughout (any variable name beginning 
with I, J, K, L, M, or N is an integer variable, all others are floating point) . 

TABLE 1. PROGRAM VARIABLES 


Constants and Miscellaneous 

PI 7T, 3.1415926536 


TOPI 

27 r 

DTOR 

degree to radian conversion multi- 
plier, PI/180. 

RTOD 

radian to degree conversion multi- 
plier, 180. /PI 

DUM1, DUM2, DUM3 

dummy variables used in reading from 
magnetic tape 

JFLG 

logic flag variable which controls step 
search mode 

Coordinate System Variables 


THTE 

9 q = 23.45 degrees, angle of inclina^ 


tion between ecliptic plane and equato- 
rial plane 

STE, CTE 

sin 9 , cos 9 
e e 

THTS 

9 , angle from line of ascending nodes 


to sunline 

STS, CTS 

sin 9 , cos 9 
s s 

PTHS 

9 converted and saved for print 

DELTS 

A 9 , inputed sun angle step size 
s 
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TABLE 1. (Continued) 


Coordinate System Variables ( Concluded) 


THTSF 


9 final, final value of sun angle, used 
s 

to terminate case 


THTR 


6 angle reference coordinate system 

(body- fixed) has rotated from solar- 
fixed system, measured about sunline 


STR, CTR 


sin 0 , cos 9 
r r 


PTHR 


DELTR 


9 converted and saved for print 

A 9 ^, inputed step size for roll about 
sunline 


Star Variables 


NSTRS 


number of stars found in catalog 


ISTRA(7000) 

ISTDC(7000) 

ISTMG(7000) 


integer arrays in which the star cata- 
log is stored (right ascension, decli- 
nation, and magnitude) 


subsc ript u sed with arrays j^ontaining 
star catalog, to specify the nth star 


NMIN, NMAX 


lower and upper bounds of N, used in 
successive halving process of the 
octave search 


N , used in the step search to 
zero 

retain the original value of N 


STRA, STDC 


right ascension and declination of a 
star, converted to floating point 


STPJ 


projection of a unit vector directed 

toward a star into the X , Y plane 

g g 





TABLE 1. (Continued) 


Star Variables (Concluded) 
STXG, STYG, STZG 

DOT PR 

components in X , Y , Z coordinate 
g g g 

system of a unit vector directed 
toward a star 

dot product of a unit vector directed 
toward a star with a unit vector 
directed along the look direction of a 
tracker 

Tracker Variables 


NTRKS 

number of star trackers for this case 
( input) 

TRXR(lO) , TRYR(lO) , 

components of unit vector along look 

TRZR(lO) 

direction of mth tracker in reference 
(body- fixed) coordinate system (input) 

TRMG(IO) 

limiting magnitude of mth tracker 
( input) 

TFOV( 10) 

diameter of field-of-view of mth 
tracker (input) 

M 

subscript for all tracker- related 


arrayed variables, to denote mth 
tracker 

TRVL 

computed length of inputed vector 
along look direction of a tracker, used 


to correct inputed vector to unit length 

TRXS, TRYS, TRZS 

components of unit vector along look 
direction of a tracker in solar-fixed 
coordinate system 

TRX1, TRY1, TRZ1 

components of unit vector along look 
direction of a tracker in ecliptic 
coordinate system 
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TABLE 1. (Continued) 


Tracker Variables (Concluded) 


TRXG, TRYG, TRZG 

components of unit vector along look 
direction of a tracker in geocentric 
inertial coordinate system 

TRRA, TRDC 

right ascension and declination of a 
unit vector along the look direction of 
a tracker 

PTRA(IO), PTDC(lO) 

used to retain TRRA and TRDC of 
each tracker for an optional print 

ITRRA, ITRDC , ITRMG 

TRRA, TRDC, and TRMG(M) con- 
verted to integer form according to the 
conversion rules of the star catalog 

IRFOV 

radius of the field-of-view of a tracker 
converted to integer form according to 
the rule IRFOV = (50.*TFOV(M) ) 

SRFOV, CRFOV 

sine, cosine of radius of field-of-view 

MAX DC, MINDC 

upper and lower declination limits (in 
integer form) of a spherical trapezoid 
containing the field-of-view of a 
— tracker-forpresent-look-direction 


DLRA 

half of the right ascension diameter of 
a spherical trapezoid containing the 
field-of-view of a tracker for the pres- 
ent look direction 

IDLRA 

DLRA converted to integer form 
according to the rule IDLRA = 

( 50. * DLRA) 

MAXRA, MENRA 

maximum and minimum right ascen- 
sion bounds (in integer form) of a 
spherical trapezoid containing the 
field-of-view of a tracker for present 
look direction 
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TABLE 1. (Continued) 


Bookkeeping Variables 


NSEE 

number of stars seen by a tracker dur- 
ing search for present look direction 

NSEEN(IO) 

stores the values of NSEE for each 
tracker so that they are available for 
optional printout 

NSN(10) 

running total of number of stars each 
tracker has seen during the search for 
the present sunline 

NSNT(10) 

running total of number of stars each 
tracker has seen during the entire case 

NGNS(lO) 

greatest number of stars each tracker 
has seen at any single look direction 
during the search of the present sunline 

NGNST(lO) 

greatest number of stars each tracker 
has seen at any single look direction 
during the entire case 

NLD 

number of look directions per tracker, 
or vehicle orientations, which have 
been searched for the present sunline 

NLDT 

number of vehicle orientations which 
have been searched during the entire 
case 

RNLD, RNLDT 

NLD and NLDT converted to floating 
point so that arithmetic operations 
involving these variables will be per- 
formed in floating point 

NLHS(lO) 

number of look directions each tracker 
had at least one star during the search 
of the present sunline 
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TABLE 1. (Concluded) 


Bookkeeping Variables (Concluded) 


NLHST(IO) 

number of look directions each tracker 
had at least one star during the entire 
case 

LFIX 

integer variable used to determine if 
a fix (two or more trackers having at 
least one star each) was obtained for 
the present vehicle orientation 

NFIX 

number of vehicle orientations for 
which a fix was obtained during the 
search of the present sunline 

NFIXT 

' . ; • i 

number of vehicle orientations for 
which a fix was obtained during the 
entire case 

AVNS(lO) 

for each tracker, the average number 
of stars seen per look direction dur- 
ing this sunline or over the entire, 
case, as applicable 

PCCOV(IO) 

for each tracker, the percent cover- 
age, or percent of look directions it 


had a.1 It. ct L uiit i^Lcii , uumputod for 
each sunline, and again for entire 
case 

PCFIX 

percent of vehicle orientations at 
which a fix (two or more trackers 
having at least one star each) was 
obtained, computed for each sunline, 
and again for the entire case 
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IV. PROGRAM DESCRIPTION 


This section will be devoted to a detailed functional description, of the 
star search program. First, the overall flow of the program will be given, as 
shown in Figure 2. Then the details of the actual search routine will be 
covered, as shown in Figure 3. 

A dimension statement allocates storage for the subscripted arrays for 
10 star trackers and a catalog of 7000 stars. The star catalog arrays are 
stored in COMMON to prevent exceeding core because of temporary storage 
required by the computer during loading. All of the required format state- 
ments are given, and logical unit 6 (assigned to magnetic tape unit 3 at execu- 
tion time) is rewound. Since the specially prepared star catalog being used is 
the second file contained on a reel of magnetic tape, a dummy read statement 
is used to locate the end of the first file. The star catalog is then read, one 
star at a time, from magnetic tape and stored into the arrays allocated in core 
memory. The read is terminated when an end-of-file mark is encountered, 
and the tape is rewound. The integer variable NSTRS contains the number of 
stars which were contained in the catalog. 

The set of data cards for the first case is then read. This data consists 
of one card containing NTRKS, DELTS, DELTR, initial THTS, and THTSF, 
and one card per tracker containing TRXR(M) , TRYR(M) , TRZR(M) , 
TRMG(M) and TFOV(M). The input vectors which specify the orientation of 
each tracker are corrected to unit length, and all of the input data is printed. 
For convenience, all angle inputs and outputs from this program are in degrees. 
Variables are initialized as necessary, initial computations are performed, 
THTR is set to zero, and the search loop is entered. The search loop finds for 
the present vehicle orientation how many stars from the star catalog can be 
seen by each tracker. The outputs of the search routine are updated values of 
LFX and, for each tracker, NSEEN(M), NGNS(M) , NSN(M), and NLHS(M) . 
Upon completion of the search loop, LFX is checked to see if a fix was obtained 
for this vehicle orientation, and NFIX is updated accordingly. An optional 
print may be added following statement number 85 to output information at 
vehicle orientations for which a fix was not obtained. The following information 
is specifically available for this print: PTRA(M), PTDC(M), NSEEN(M), 

LFX, PTHS, and PTHR. 

A new vehicle orientation is obtained by incrementing THTR by the angle 
DELTR, and the search process is repeated. This continues until a full revo- 
lution about the present sunline is completed. Then bookkeeping variables are 
updated, statistics for this sunline are computed, and data summarizing the 
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Figure 2. Overall flow diagram. 
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Figure 3. Detailed flow diagram. 
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Figure 3. (Continued). 
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results of the search for this sunline are printed. The sunline angle (THTS) 
is then incremented by an angle DELTS, and the preceding process is repeated. 
This continues until the final sun angle (THTSF) has been reached. Final book- 
keeping computations are then made, data summarizing the entire case are 
printed, and data cards for the next case are read. An invalid data set, con- 
sisting of a single card which sets the number of trackers for this case 
(NTRKS) to zero, or negative, causes termination of the program. 

The details of the search loop are shown in flow diagram form in Figure 
3. A search is carried out for each tracker in turn under the control of a DO 
loop. Bookkeeping variables retain the results from which the information to 
be printed will be derived. 

To perform a search for the Mth tracker, the present look direction of 
this tracker is found in geocentric inertial coordinates (Fig. 3, first page). 

This is done by rotating the input unit vector components (TRXR(M) , TRYR(M) , 
TRZR(M)) through the angles THTR, THTS, and THTE. The rotated com- 
ponents are then converted to a tracker right ascension and declination (TRRA, 
TRDC) and changed to integer form compatible with the star catalog (ITRRA, 
ITRDC). 

A spherical trapezoid which contains the circular field-of-view is now 
calculated. The declination boundaries of this spherical trapezoid in integer 
form are 

MAXDC = ITRDC + IRFOV 

MIN DC = ITRDC - IRFOV 

where IRFOV = 100.* T ^ QV , and TFOV is the diameter of the field-of-view 

of the tracker. If the field-of-view is tangent to or encircles a pole (MAXDC 
5: 9000, or MINDC ^ -9000), the entire range of integer right ascensions (-9000 
to +9000) is used. In any other case, the right ascension bounds of the spheri- 
cal trapezoid are computed as follows: 

DLRA = ASIN (SRFOV/COS ( DT OR*T RDC ) ) * RTOD 

IDLRA = (50.* DLRA) 

MAXRA = ITRRA + IDLRA 

MINRA =' ITRRA - IDLRA 
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The derivation of the first step above is given in Appendix B. It is 
possible for the above computations to yield MAXRA > +9000, or MINRA < 
-9000, signifying that the field-of-view straddles the 0 degree = 360 degree azi- 
muth. This condition is checked for, and correction made when necessary by 
adding ±18000 (integer form of ±360 degrees). Note that if this correction is 
required, it will be true that MAXRA < MINRA after the correction. In any 
other case MAXRA > MINRA. The bounds of the computed spherical trapezoid 
will be used later in the search. 

It is now desired to find an advantageous starting point in the star cata- 
log from which to begin the search. This is accomplished by an octave search 
through the catalog, shown in Figure 3, second page. NMIN is set to 1, and 
NMAX is set to NSTRS: Recalling that the stars in the catalog are ordered by 
increasing declination, four possibilities exist. The declination of the tracker 
look direction (ITRDC) is either greater than or equal to the declination of the 
last entry in the catalog (ISTDC (NMAX) ) , less than or equal that of the first 
entry (ISTDC (NMIN)), equal to the declination of an intermediate entry, or 
between the declinations of two adjacent entries. The first two possibilities 
are checked. If either is true, the octave search is exited from with N set 
to NMAX or NMIN, as appropriate. If neither is true, an iterative process 
follows to determine the catalog number N of a star for which the third possi- 
bility is true or either of two stars for which the fourth possiblity is true. 

The iterative process is one of successive halving of the catalog until one of 
the possibilites is met. For a catalog of 7000 stars, a maximum of 13 itera- 
tions would be needed to complete the process (7000 < 2 13 ) . In any event, the 
result of the octave search is a catalog number N which is used as a starting 
point for the search. 

A star by star search, shown in Figure 3, third page, is now made 
beginning with star NO = N, then incrementing N upward from NO, and then 
downward. A flag variable JFLG controls the search and will have a value 
of 1, 2, 3, or 4 depending on whether the program is presently checking entry 
NO, searching upward from NO, searching downward from NO, or is ready 
to exit from the search. During the search, each candidate star is checked to 
see if it is within the spherical trapezoid previously computed. When a star 
is encountered whose declination is not within the trapezoid, it is known that 
no more candidate stars lie in the present direction of search, and JFLG is 
incremented. When applying the right ascension part of the trapezoid test, 
special attention must be given to the case in which the field-of-view straddles 
the 0 degree = 360 degree azimuth, as the requirements for passing the test 
are different for this case. Also, the magnitude is compared with the limiting 
magnitude of the tracker. 
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Each star which is found to be within the boundaries of the spherical 
trapezoid and is of sufficient brightness to be seen by the tracker is then 
checked to determine if it is within the circular field-of-view. A unit vector 
directed toward the star is computed. A dot product is formed between this 
vector and a unit vector along the look direction, yielding the cosine of the 
angle between the star and the center of the field-of-view. This is compared 
with the cosine of the radius of the field-of-view to determine if the tracker 
sees this star. NSEE, the number of stars seen by this tracker in this look 
direction, is updated accordingly, and the search goes on to the next star. 

When all candidate stars have been tested, as evidenced by JFLG= 4, the pro- 
gram will update the search loop bookkeeping variables and return to the begin- 
ning of the search loop to repeat for the next star tracker. When the search 
has been completed for all trackers for this vehicle orientation, it will exit 
from the search loop, perform bookkeeping, increment vehicle orientation, and 
repeat the search process. 

The advantage of the spherical trapezoid test is that only integer sub- 
traction is required to determine if a candidate star is contained therein. 

Thus, the majority of the stars within the proper declination band of the table 
are eliminated without the necessity of time-consuming trigonometric 
calculations. 


V. PROGRAM RESULTS 


A listing of the star search program and several runs which have been 
made with the present star catalog are shown in Appendix A. The baseline 
star trackers (6th magnitude, 6 degree diameter field-of-view) have been 
used. A run was m ade jwith Jwp_tracker.s , -one along-the- Y- - axis - ( experiment' 

pointing axis) and one along the axis. This is the baseline HEAO-C con- 
figuration. The sunline was stepped from 0 degrees to 180 degrees in 3 degree 
increments, and the vehicle was rolled about each sunline in 3 degree incre- 
ments. Since both trackers lie in a plane perpendicular to the sunline, a 180 
degree rotation of the sunline covers the entire celestial sphere. For program 
checkout purposes, a similar run was made with the sunline beginning at 180 
degrees and stopping at 360 degrees. The results were identical. 

The results of the baseline runs show that through the year each tracker 
has 95 percent coverage. A two tracker fix was obtained 91 percent of the 
time. Each tracker had an average of 3.4 stars per look direction, and 20 
stars was the greatest number seen by one tracker at any look direction. The 
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poorest coverage was obtained in early June and early December, when the 
path of the star trackers passes near the galactic poles. Figures 4 and 5 are 
plots of the star-empty look directions found for a 6th magnitude, 6 degree 
diameter field-of-view tracker. 

Some possibly advantageous alternates to the baseline HEAO-C star 
tracker configuration have been considered. A computer run is shown in the 
appendix in which a third star tracker was added in the same plane as the 
trackers, and pointing midway between their look directions. A two tracker 
reference was obtained 98.9 percent of the time for this system during the 
quarter of the year following the equinoxes . 

A problem arises with the baseline star tracker configuration if no 
stars are available within the radius of field-of-view of a desired experiment 
pointing direction. Since one of the star trackers is aligned with the experi- 
ment pointing direction, rotating about this direction will not alleviate the 
problem. This suggests canting this star tracker a few degrees from the 
experiment axis so that rolling about the experiment axis will move the look 
direction of the star tracker and, possibly, acquire a star. The star search 
program will be used to investigate this and other possible alternates to the 
baseline configuration. 
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APPENDIX A. STAR TRACKER SEARCH PROGRAM LISTING 


This appendix contains a complete listing of the program written in 
FORTRAN IV for a Control Data Corporation Model 3200 digital computer. 
This machine configuration includes a 32 K core memory, four magnetic tape 
units, a card reader, and a printer. 


3200 FORTRAN <S.0)/RTS / / 


PROGRAM STRTRKER 
COMMON ISTBA, ISTOC. ISTMG 

DIMENSION I STR A < 70 00 ) . 1 STDC t 7000 > , ISTM0< 7000 > , TRxRdO > . TRYRdO ) > 
lTRZRI 1 1 >»TRM«(10) ,PTRA(10 ) . PTOC ( 1 0 > » NsEEN ( 10 ) , NSN< 10 > . NSNTdO ) . 
2 nLHS( 1 ) .NIHSTdO) ,N0NSd0 ) .NONSTdO > .PCCOVdO > , AVNSUO ) , TFOVdO > 

1 FORMAT<2fa.3.F6.?> 

2 F0RMAT(3I6) 

3 FORMATU10.7F10.4) 

4 FORMAT (5^10.4) 

5 F0RMAT(1H1.58X,15MCASE INPUT DATA//45X, 35HRUMBER OF STARS In CATAL 

50G ■, I7/45X.35HNUMRER OF STAR TRACKERS «,I7/ 

545X.35HINITIAU SDN aNGLE (DEG) 

545x . 35HF INAL s yN ANGLE (0E0) =,F7.2/ 

545X , 39HSUN ANGLE INCREMENT (DEG) 3 ,F7.2/ 

545X . 39HVEH I CLE ROTATION INCREMENT (DEG) =,F7.2/> 

4 F 0 RMATd4x.7H T(i ACKE H , I2.6X.31HDIAMTR o F HELD 0 F y!EW ( OEG ) *.F7.4 
6 , 1 0 X , 2 HL I M I T I NG MAGNITUDE = , F 7 . 4 /29X , 33RUN I T VECTOR DIRECTION CON 
4PONENTS , 6 X, A HTRXR =.F7.4, 6 X, a HTRvR =.F 7.4,4X» 6 HTRZR = ^7.4) 

7 F0RMaT(1X,4F10.4. I10.2F10.4. (10) 

9 f 0 K ma T (///ix,i2h S uNline Data/) 

10 FORMAT(//////lX, 10HFINAL DATA/) 

11 FQRMa T< 2X,gHTHTS=.F7 .2 , 4 X , aHPCF 1 X* . F 4 .2 ,2 ( 6 X ,7HTRACKER . I2.2 X. 6 HPCC 
1oV’.F6.2.2x.5HAvn s «,F5.2,2x,3hNGN S ’. 1 3 ) / ( 30X . 2 ( 6x » 7 Htr ACKEr , I 2.2x. 
16HPCC0V*,F4.2,2X.5 HaVNSr.F9.2,2X,5NNGNSs» 13) ) ) 

1 ? FORMA T(2X,3HNLDT = , 1 7 ,4X,6HPcFIX = »F 6 .2,2(6X,7HTRACKER. I2,2X,6HPCC 
2oV».F6.2,2x,mhAvNS".F5.2.2X.5HNGNs«»I3)/(30X,2(6x.THTRACKER, I2.2X. 
26HPCC0V=,F4.2,2X,5MAVNSr,FS.2,2X.5HNGNS»# 13) ) ) 

REWIND 6 
PI»3. 1415926536 
TOP] *2*P! 

DTORopI/iSO. 

RTOD«180,/PI 

NSTHS 3 ,. 

20 read INPUT Tape 4.1«°'J m 1‘0UM2,DUMj 
GO T O < 2 1 . 2 fl ) , EOFCKF < 4 ) 

21 continue 

■22~RE'aDTnPUT - T 4PE 6.2. IST'RA(NSTRS*1 ) » I STOC<NSTRS»l ) > t STMO ( NSTRS*l ) 

GO T0(24<23) .E0FCKF< 6 ) 

23 Nstrs =n sTR3*1 
GO TO 22 

24 REWIND 6 

25 READ 3.NTRKS,DELTS,DELTR.TMTS.tHTsF 
IF (NTRKS)IOO ,100 »2 4 

26 rEAD 4,((TRXR(M),rpYR(M). T pZ R (N), T RM8(M),TFovIM)),H«l.NTRKs) 

PRINT 5.NSTRS.NTRKS, THTS. THTSF.DELTS.DELTR 

nldt«o 

n fixt= 

DO 27 Msl.NTRKS 
NSNT(M)«0 

NLMST(M)o 0 

NGNST ( M ) =o 

TRVL«SORT( TRXR(M)«»2*TRrR(M)*.2*TR2R(M)»*2 ) 

TRXR(M)=TRXR(M)/TRVL 

TRTR(M)»TRVR(M)/TRVL 

TRZH(M)=TR7R(M)/TRVL 

27 PRINT 4 .M,tFOV(M),TRMG(M),TRXRIH).TRVR(M).TRZR(M) 

THT6«DTOR»2j .43 

s TE*sIN<tHtE) 

CTEaCOS(THTE) 

delts«delts*otor 
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deltr*deltr»dtor 

THTSF*THTSF«DTOR 
THTS«THTS»DTOR 
PRINT 9 

3 q STSaSlN(THTS) 

CT3=C0S(THTS) 

THTRbq . 0 

HFIX«n 

I'LC~$ 

DO 2» M=i-NTRKS 
Nl“S(M)=Q 
N 5 m(m)»0 
NGN'S ( M > = 0 

2 9 CONTINUE 
STS=SIN(THTR) 

CTR=COS(THTR) 

IEX = o 

DO 64 N*1.NTRKS 
NSEE*0 

IrF 0 v= ( 50 .•Tf'ov(H) ) 

SRF0V=SIN(DTOR«TFOV(M)/2.) 
CRFOV=COS<DTOR.TFOV(M>/ 2 , ) 
TRXS»TRXR(M) 

TRYS=CTR*TRYR(M)-STR«TRZR(H) 

TRZS«STR‘TRYR(M)*CTR*TRZR(H) 

trxi»cts*trxs-sts.trys . 
TRYl«STS*TRXs*CTS*TR y S 

TR z l s TR2S 

TRXGaTRXl 

TRYG«CT6*TRYi-STE»TRZl 
TRZG.STE*TRY1*CTE*T R Z1 
TRP a,, *Tn a <TRYG, TRXQ)*rToD 
TRDC»ASIN< TRZG).RTOD 
PTRA ( M ) eTRRA 
PTDC(M)=TH0C 
ITRRa=<50 ,*(TRRA-180 - > ) 
1TRDC*U00.»TRDC> 

lTP«G«tlOO.*TRMG<M))' 

MAXDC* I TRDC* I RFOV 
MINDC=ITRDC-lRFOV 
I F t M AXDC-9000 >32.37.37 

32 !F(MINDC*9000)37l37,33 

33 DLrA.AsIN(SREoV/CoS(DTOR*TRDC) )*RTOD 
IDLRA*(30.«DLRA) 

MAXRA=ITRHA*!DLRA 

MINRa=ITRRA-IOIRA 

IF ( M I NR A *9 p 0 0 134-35.35 

34 MINRa«HINR**1 8 000 

35 IF (MAXrA"9000)38,38,36 

36 MAXRAcMAXRA-18000 
GO TO 38 

37 M I NR A» -9q (JO 

MAXRA=*9ooo 

38 CONTINUE 

30 NMINaJ, 

nmax»nstrs 

NaNMAX 

IF ( I TRDC-I3TDCIN 1 >31-59.59 
Jl NaNMIN 

IF( I tr DC* I jtDC( n > >59-59-52 
52 N*(NHAX*NMIN}/2 

IF( I TRDC- I 5TDCIN >>53.39,35 



53 N*N-1 

lF(lTH0C-t9TllC(Nl (S4.59.59 

54 NMaX»(NHIN«NNaX (/2 
GO TO 32 

35 N*N*1 

I F { ITR0C-I3TDC(N( (99.59.96 
56 NMIN.(NHlN.NH*X)/2 
GO TO 32 

59 CONTINUE 

60 N0>N 
JFLG»i 
GO TO 7o 

61 N»N0 
jFLG.jrtO*! 

62 GO TO (63. 64. 65. So ) . JFIO 

63 JFLG.2 

64 N=N*i 

IF(N-NSTRS)66. 66-61 

63 N«N-1 

|F(N(61.6l,66 
66 CONTINUE 

70 IF ( ISTDC(Nl-MAxnC)71,72,61 

71 IF <ISTDC(‘4)-MINOC>6 1 '72»72 

72 IF ( I St mO<N>-I tr mG>73, 73.79 

73 IF ( ISTR*(N)-HINRA(74,77.75 

74 If (NAXRA-MINRAI76.79.79 

75 IF (MAXRA-MINRAI77.79.76 

76 If < ISTRA (N)-MAXRA)77.77»79 

77 STRAoDTORM ISTRA(N)/sO.*1bO. t 
STOC«DtoR*( IstDC(N(/100. ) 
STPJ=COS(STDCJ 
STXG=STPJ*COS(STRA( 
STYG»STPJ*SIN(STRA( 

STZG»SIN(STDC) 

nOTPR=STXG*TRXB»STYQ«TRrO*STZO»TRZO 
IF (CRfOV-nOTPRJ70.78.79 

78 NSEEsNSEE*l 

79 Go TO *2 

80 CONTINUE 
NSEEN ( m ) aNSEE 

i f t Nsee ) e 4 . 84.81 

81 IF(NGEE-NGNS(M((83. 83-82 

82 NGN S (,M(=N S EE 

83 UFX = l_FX*l 
NSMM(3NSN(MI*NSEE 
NUMS(M(=NLMS(M)*i 

84 CONTINUE 
NLD=NLD*i 

PTMS «THTS«RT0D 
PTHR «THTR«RT0D 
IF(LFX-2)85-86-86 

85 CONTINUE 

86 NF I X«NF I X*i 

87 CONTINUE 
THTRnTHTR*OELTR 
IF(THTR-T0PI(3i, 91,91 

91 CONTINUE 

NLDt«NLDt*NLD 

nfixt*nfixt*nfix 

RNLDiNLO 

PCFIx»100 ••nfix/rnld 



DO 93 M»1,NTRkS 
NLHST(M)«NLHST<M)*NLHS<M) 

NSNT(M)«NSNT(M>*NSN(M) 

PCCOv(M)»ioo . •NLHS(N)/RNID 
AVNS<M)aNSN<M)/RNLD 
IF(NGNS(H)-NQNST(M ) ) 93 I 93. 9 2 
9? NGNST(M)«N<JNS(M) 

93 CONTINUE 

PRINT U.PTHS.PCFtX. < ( M , PCCOV t M > , AVNS < M > » NONS < M ) > . M«1 , NTRKS > 
.THTS»THTS*DELTS 
IF(THTS-THTSF)30,95.95 
9? continue 
pnldt«nldt 

PCFIx« 10 o.*NF!XT/RNLDT 

DO 94 N«1.NTRKS 

pCCoV < M > *100 . «NLHST ( N > /rNlDt 

94 AVNS(H)*NSNT<N)/RNLDT 
PRINT 1C 

PRINT 12.NL0T.PCF1X. < (M.PcCOWfH) .»VNS(M>.NBNST<M) ) ,M« i.NTRKS) 
GO TO 25 
lOO STOP 
EnD 


fortran diaonostic results for strtrker 


null STATEMENT NUMBERS 
50 60 

EQUIP, O6„MTC0EOUO3 
LOAD. 56 
RUN. 10 
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APPENDIX B. EXPLANATIONS AND DERIVATIONS 


This appendix contains an explanation of the computer library subrou- 
tines and functions used by the program, and explanation or derivation of pro- 
gram algorithms as deemed necessary. 

The library functions and subroutines are listed below: 

EOFCKF(i) — End-of -file check function, used to determine if an 
end-of-file was encountered during the last attempted read from logical unit 
i. A value of 1 is returned if an end-of-file was encountered, a value of 2 if 
not. In this program, logical unit 6 is used and is defined to be magnetic tape 
unit 3. 

IOCHKF(i) — (Used in the star catalog preparation program. ) 

Checks the status on the last input/output request on logical unit i to determine 
if a parity error occurred. A value of 1 is returned if an error occurred, a 
value of 2 if not. Logical unit 6 is used and is defined to be magnetic tape unit 

3. 

SQRT (x) — Square root of x. 

SIN (x) — Sine of x, where x is in radians. 

COS(x) — Cosine of x, where x is in radians. 

ATNA (s,c) — Arc tangent of ^ , where s and c are the sine and 

cosine of-the-desired-angle-or-ar-e-proportional~to-the sine-and cos ine -by any- 

positive common factor. The angle returned will be in the range of 0 to 27 t 
radians . 

ASIN (x) — Arc sine of x. The angle returned will be in the range of 
-7r/2 to +ir/2 radians. 

Most of the algorithms used in the program are adequately explained 
in preceding sections. Two points, however, bear some further discussion. 

The calculation of the spherical trapezoid containing the circular field- 
of-view of a tracker for a given look direction involves the use of spherical 
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trigonometry. Referring to Figure B-l, define the following in the celestial 
sphere: 

a . right ascension of look direction 
6 declination of look direction, 5 s o 
y half-cone angle of tracker field-of-view 

0 desired spherical angle between meridians NCB and NTA 
C center of tracker field-of-view 

N north celestial pole 

T point of tangency of the tracker field-of-view and meridian NTA 

7T 7T 

Suppose 5 + y<— (if 6 + y > — • , the field-of-view overlaps the north 
z z 

pole and all stars with declination ^ (6 _ y) are tested by the dot product 
method. Thus, if the field-of-view encircles a pole, a polar cap is used in 
place of a spherical trapezoid. ) The declination limits of the spherical 
trapezoid are immediately seen to be (6 _y) and (6 + y). Also it is obvious 

7T 7T 7T 

that y — 0 — — , with <p = y for 6=0, and 0 = — - for 6 = — _ y. From the 
z z z 

law of sines, 

IT 

. , sin — 

sin 9 _ 2 

sin y . /tt _\ ’ 

sm - 8) 

thus. 


sin 0 


sin y 
cos 6 


The result is identical for a look direction in the southern hemisphere (6 £ o) . 
This equation is used to calculate <p . Thus, for a look direction (a, 6), such 
that the tracker field-of-view does not encircle a pole, the circular field-of- 
view is guaranteed to be contained in the spherical trapezoid defined by a 
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declination range of (<5 - y, 6 + y) and a right ascension range of (a - <p, 

sin v 

ol + <p ) , where 0 = arc sin q . Each star found to be within this spheri- 

cal trapezoid is then tested by the dot product method to determine if it is within 
the circular field-of-view of the tracker. 


The dot product method consists of forming a dot product between a unit 
vector directed toward a star and a unit vector along the tracker look direction. 
The result of this dot product, which is identically the cosine of the angle 
between the two vectors, is compared with the cosine of the half -cone angle of 
the tracker field-of-view to determine if the star is within the field-of-view. 

It should be realized that because of the magnitudes of the angles involved and 
the small angular differences which must be detected, the cosine of the half- 
cone angle and the result of the dot product must each be accurate to at least 
eight significant figures for a tracker with a field-of-view diameter of one 
degree. This point must be considered if a tracker with a narrow field-of-view 
is to be considered, or if the program is to be run on a less accurate computer. 
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APPENDIX C. PREPARATION OF THE STAR CATALOG 


The star catalog presently being used with the star search program was 
obtained through the Computation Laboratory at Marshall Space Flight Center 
from a catalog of 259 000 stars compiled by the Smithsonian Astrophysical 
Observatory 1 . The Smithsonian catalog contains 11 consecutive 36 -bit binary 
computer words per star and is available on two 2400-foot, 7 -track tape reels 
at 556 bytes per inch. This is an extremely comprehensive star catalog and is 
recommended as a source whenever star catalog information is required. 

The Smithsonian catalog was prepared on tape by an IBM 7094 computer. 
The tapes may be read and interpreted by most computers which have magnetic 
tape capability. However, due to differences in tape format, coding, and com- 
puter word length, some difficulty is involved, and usually a language closer to 
basic machine language than Fortran will be required. This problem was cir- 
cumvented by preparing an intermediate magnetic tape written in IBM 7094 
BCD (Binary Coded Decimal) format. This tape was written by a program on 
a computer at the Computation Laboratory which is fully compatible with the 
IBM-7094 binary coding. This program searched through the Smithsonian cata- 
log and prepared a reduced catalog containing only right ascension, declination, 
and magnitude for those stars whose magnitude was listed as less than or equal 
to 6. 00. IBM 7094 BCD proved to be directly compatible with CDC 3200 BCD. 
Thus, the CDC computer was able to read the tape containing the reduced 
catalog. 

An initial look at the reduced catalog showed an obvious error. Nearly 
1500 stars were listed as having a magnitude of 0. 00. The booklet explaining 
the Smithsonian Star Catalog was consulted. It was found that for a variable 
'starTor~whi'ch~no~ average'magnitulde^a^'aWilabre“a~fnagmtudeT)f'0700'was 
entered in the catalog, and a separate code bit denoted that this was such a 
star. Since the Computation Laboratory program had not checked these code 
bits during the search of the catalog, these stars were included in the reduced 
catalog. 

A program was written for the CDC -3200 to read the intermediate star 
catalog and prepare from it a final star catalog in the form required by the 


1. K. L. Haramundanis, SAQ Star Catalog Binary Tapes. Smithsonian 
Institution Astrophysical Observatory, Cambridge, Massachusetts, 1967. 
Direct inquires to: Star Catalog, Smithsonian Astrophysical Observatory, 60 
Garden Street, Cambridge, Massachusetts, 02138, Telephone 617-864-7910. 
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star search program. This program reads the data for each star and converts 
the data to integer form according to the rules given for the program. Because 
of the problem mentioned above, every star whose magnitude is given as 0.00 
is eliminated. The remaining stars are then ordered by increasing declination, 
and the final star catalog is written on magnetic tape in BCD. The intermedi- 
ate catalog was retained on tape for future reference, and the final catalog is 
contained on the same reel of tape immediately following the intermediate 
catalog. A total of 4827 stars are contained in the present final star catalog. 


A listing of the computer program used to prepare this catalog is given 

below. 


3200 FORTRAN <3.0)/RTS 

PR0URAH STARCAT 

DIMENSION ! STRA( 7000). !STDC(7000).!STM8( 7000) 

5 FOR MAT < 2 ^ 3 , j.F^.?) 
s FORMAT (1X,13 w PaRIT7 ERROR .21*) 

7 FORMAT(IX.IOIIO) 

B F0RM A T(3l6) 

REWIND 6 
NST I N» • 

NSTRS= 

10 read input tape a.s.stra.stdc.stmo 
00 TO (15,1D,E0FCKF(6) 

11 nstin«nstin*i 

fio TO (12,13 ), IqDHKF < 6 ) 

12 PRINT 6 , NST 1 N 

13 CONTINUE 
IMAGi<1"0»STMG) 

IF < I H A Q ) l 4 .lO.l 4 

l< nstrrvjsTrs*! 

IsTRA<NsTRS )= < 50 .*<STR*-180.>) 

ISTDC(NSTRS)=(100.«STDC) 

ISTMC,(NSThS)«IMaG 
GO TO 10 
1? CONTINUE 

PRINT 7 , NST I N , NSTRS 

20 JFLaG«1 

Dn 22 Ns2,N5t bs 

IF( ISTDC(N-1)-ISTDC<N)) 22,22,21 

21 JFLAG32 

JrA=ISTR*(N-1) 

JDC=ISTDC(N-1) 

JMG: ISTMG(N-! ) 

ISTflA(N-D«|STRA(N) 

ISTDC(N-i )»ISTDC(N) 

!STMG(N-1).ISTMQ<N) 

ISTRA(N)«JRA 
I STDO ( N ) * JOC 
ISTMG(N)«JMG 

22 CONTINUE 

GO TO<25»20 ) ■ JFLAG 
2b CONTINUE 

Dq 26 Nsl'NcfpB 

26 WRITE OUTPUT TAPE 6 , 8 , ISTRAtN) , ISTDC(N), ISTMG(N) 
ENDFIUE 6 
30 REWIND 6 
STOP 
e n o 

FORTRAN DIAGNOSTIC RESULTS FOR STARCAT 


null statement numbers 

30 

EQUIP, 06 >mTC0E0UQ3 
LOAD, 86 
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APPENDIX D. EXAMPLE RUNS 


Several example computer runs made with the HEAO Star Tracker 
Search Program are given in this appendix. A discussion of some of the 
results is contained previously in this document. 
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case input data 


TRACKER 1 
TrACKEr 2 


NUMBER of STARS IN CATALOG « 4827 

number of star trackers * 2 

INITIAL SUN ANQLE (DEQ> • 0 

FINAL SUN angle (DEO) " 180-00 

SUN ANGLE INCREMENT (DEO) * 3 . 00 

VEHICLE ROTATION INCREMENT (DEG) « 3*00 


DIAMTR OF FIELD OF VIEW (DEG) « 6. 0000 LIMITING MAGNITUDE * 6.0008 

UNIT VECTOR DIRECTION COMPONENTS TRXR = O' TRYR * ,.0000 TRtR * 0 

DIAujo oF FIELD flF VjEw (DEG) * 6.0000 L I m I T I mO mAOmItuD* * 6.000R 

UNIT VECTOR DIRECTION COMPONENTS TRXR * 0‘ TRYR « 0 tRER » 1.0000 


SUNLINE DATA 


thts* 

0 

PCFIX. 

91.74 

TRACKER 

TRACKER 

1 

pCCOV* 

95.87 

AvNS* 

THTS* 

3,00 

PCFI X , 

93,39 

tracker 

TRACKER 

1 

P CCOy 3 

96,69 

AyNS: 

t H TS ‘ 

6. 00 

p CFl Xa 

98.35 

TRA KpR 
tracker 

1 

p cc ov= 

99.17 

*VNS = 

THTS, 

9.00 

PCFIX, 

90.08 

TRACKER 

tracker 

1 

PCCOV, 

95.04 

AVNS. 

THTS* 

12.00 

PCFIX. 

92,56 

tracker 

tracker 

i 

PCCOV* 

95.87 

AVNS* 

thts* 

15-00 

PCFIX. 

95*87 

TRACKER 

tracker 

1 

PCCOV* 

97.52 

AVNS. 

thts. 

18.00 

PCFIx. 

94,21 

TRACKER 

tracker 

1 

pCCOy. 

96,69 

A yNS s 

THTS. 

21 00 
• 

PCFIX. 

96 69 

tracker 

TRACKER 

1 

PCCOV, 

98 35 

AVNS. 

THTS. 

24,00 

PCFI X . 

91,74 

tracker 

TRACKER 

1 

PCCOy* 

95,87 

AyNS: 

THTS* 

27.00 

PCFIX. 

91.74 

TRACKER 

TRACKER 

1 

PCCOV* 

95.87 

AVNS* 

THTS. 

30,00 

PCFIx. 

90.08 

tracker 

TRACKER 

1 

PCCOV. 

95, 04 

AVNS: 

T h TS* 

33.00 

PCFIx. 

81.82 

tracker 

TRACKER 

1 

PCCOy « 

90,91 

AyN S * 

THTS* 

36. uO 

PCFIX. 

90.08 

TRACKER 

tracker 

1 

pCCOV" 

95.04 

AVNS* 

th t s- 

39. 00 

pCF | X. 

91.74 

TRACkER 

TRACKER 

1 

pCCOV* 

95,87 

avns* 

thts. 

42.00 

PCFIX. 

95.04 

TRACKER 

tracker 

1 

PCCOV* 

97.52 

AVNS* 

thts. 

45.00 

PCFIX. 

83.47 

tracked 

TRACKER 

i 

pCCOV* 

91.74 

AVNS* 

thts- 

48.00 

PCF IX. 

93.39 

tracker 

1 

PCC 0Vl 

96.69 

avns* 





TRACKER 





thts» 

51.00 

PCFIX. 

91.74 

TRACKER 

TRACKER 

i 

PCCOV" 

95*87 

AVNS* 

THTS. 

54.00 

PCFIX. 

83.47 

tracker 

1 

pCCOV* 

91.74 

AVNS* 


tracker 


3.51 

NONS* 

8 

TRACKER 

2 

PCCOV. 

95.87 

AVNS* 

3.49 

nqns* 

8 

3.75 

NGNS: 

11 

tracker 

2 

PCCOy* 

96,69 

AyNS* 

3.73 

NQNS* 

11 

3.69 

NgNS* 

10 

tr* c k e R 

2 

P CC 0V * 

99.17 

AVNS* 

3.70 

NgNS* 

10 

3.55 

NGNS, 

12 

TRACKER 

2 

PCCOV, 

95.04 

AVNS, 

3 54 

nqns. 

12 

3.45 

NGNS* 

11 

TRACKER 

2 

PCCOV* 

95.87 

AVNS* 

3.42 

nqns* 

11 

3*68 

NGNS* 

10 

tracker 

2 

PCCOV* 

97.5JJ 

AVNS* 

3*65 

nqns* 

10 

3.77 

NGNS: 

12 

tracker 

2 

PCCOy: 

96,69 

AyNS. 

3.74 

nqns. 

12 

3 64 

NGNS, 

15 

TRACKER 

2 

PCCOV, 

98 35 

9 

AVNS. 

3 64 

nqns. 

15 

3,71 

NGNS: 

17 

TRACKER 

2 

PCCOy* 

95,87 

AyNS* 

3.71 

NQNS. 

17 

3.50 

NGNS* 

16 

tracker 

2 

PCCOV* 

95.87 

AVNS* 

3- 50 

NQNS* 

16 

3, 60 

NGNS: 

13 

TRACKER 

2 

pccov. 

95, D4 

AVNS* 

3,60 

NQNS, 

13 

3,59 

NGN S » 

12 

TRACKER 

2 

PCCOy* 

90.91 

AyN S * 

3.57 

NQNgs 

12 

3.37 

NGNS* 

13 

TRACKER 

2 

PCCOV* 

95.04 

AVNS* 

3.36 

NONS* 

13 

3.65 

N g NS = 

18 

TrAC k Er 

2 

pCCqV* 

95.87 

AVnS* 

3 65 

nQnS* 

18 

3.57 

NGNS* 

18 

TRACKER 

2 

PCCOV* 

97.52 

AVNS* 

3 56 

NGNS* 

18 

3.22 

NGNS* 

12 

tracker 

2 

PCCOV* 

91.74 

AVNS* 

3.23 

NQNS* 

12 

3.39 

NgNS* 

11 

tracked 

2 

Pccov* 

96,69 

avns* 

3.40 

NgNS* 

11 

3*32 

NGNS* 

17 

tracker 

2 

PCCOV* 

95.87 

AVNS* 

3 32 

nqns* 

1 7 

3.26 

NGNS* 

17 

tracker 

2 

PCCOV* 

91.74 

AVNS* 

3. 25 

NQNS* 

17 



13 


t m ts« 

57.00 

peri*. 

91.74 

THTS« 

60.00 

PCFIX. 

90.08 

this. 

63.00 

pcfix* 

95 .04 

THTS 3 

66.00 

PCFIX. 

93.39 

thts* 

69.00 

pcrix. 

84.30 

T Hts* 

72,00 

PCFIxa 

73.55 

t h ts« 

75.00 

pCp 1 X" 

68.60 

t h ts« 

78. 00 

PCf j X» 

77.69 

thts« 

8l,00 

PCHXa 

88.43 

ThTS« 

8A .00 

PCflXa 

93.39 

T h TS 3 

87.00 

Peri** 

96.69 

t h ts 3 

90. 00 

pCf|Xo 

85.95 

TMTSa 

93.00 

PCFlx. 

81,82 

THTS" 

96.00 

PCFIX. 

81.82 

THIS* 

99.00 

PCFIX. 

83.47 

THTS" 

102*00 

PCFIXa 

86.78 

t h ts* 

105.00 

pCFIX" 

85.12 

THTS 3 

108. oO 

PCFIXa 

85-12 

THTS" 

111 .00 

pCFIxa 

90.08 

THTSa 

114.00 

PCFIX, 

95.87 

THTS" 

117. gO 

PCFIXa 

’o .00 

THTS" 

120. 00 

pCFIXa 

88.43 

THTS" 

123.00 

pCFIX. 

87.60 

TUTS 3 

126.00 

pCFIXa 

91.74 

T^TS* 

129.00 

PCFIya 

88.43 

THTS" 

132.00 

PCFIX" 

9I.74 

thts* 

135.00 

pCFIxa 

98.35 

THTSa 

138.00 

PCFIXa 

95.04 


05 

cn 


TrACKEr 1 pCCOya 95.87 A V N S * 3.12 NGN S * 13 
TRACKER 

TRACKER 1 PCCOV* 95.04 AVNS* 3.07 NGNS* 12 
T PACKER 

TR* c K E R i PCCOV* 97 .52 aVNS* 3.07 NQNS* 13 
TRACKER 

TRACKER 1 PCCOV" 96.49 AVNS* 3.O3 NGNS* 14 
TRACKER 

TRACkEr 1 pCC 0 V« 91.74 AVNS 3 2.93 nGrS = 14 
TRACKER 

TRACKER 1 pCCOya 86,78 AyNs* 2.66 NGNs* 16 
TRACKER 

TRACkEr 1 pCCQV* 83.47 AVNS* 2.68 RONS 3 15 
TRACKER 

TRACkE? 1 pCCOV 3 88.43 AVNS a 2.85 NgNS" 11 
tracker 

Tracker 1 PCCOV 3 94.21 AVNS 3 3.97 NGNS" 12 
TrACKEr 

TR» C K E R 1 PCCOV 3 96.69 *VNS 3 3.06 NgNS 3 9 
TRACKER 

TPA c k e R 1 PCCOV 3 98.35 AVNS* 3.19 R S NS 3 12 
TRACKED 

TRAC K ER 1 pCCoV* 92.56 AvrS" 2.97 rGrS" 13 
TRACKER 

TRACKER 1 pCCOy: 90.91 AyNSa 2.79 NONSa 12 
tracker 

TRACKER 1 pCCOV> 90.91 AVNS 3 2.85 NGNS 3 12 
TRACKER 

TRACKER 1 PCCOV 3 91.74 AVNS 3 2.98 NGNS 3 14 
TRACKER 

TRACKER i PCCOV 3 93.39 AVNS 3 3. ff 7 NGNS 3 lj 

tracker 

TrACKEr 1 pCCoya 91.74 Ayfjs 3 2.98 rGrs 3 11 

tr acker 

tracker j PCCOV 3 92.56 AVNS 3 3-22 NGNS 3 u 
TRACKER 

TrACKEr 1 pCCOv- 95.04 AyNja 3.18 NGNj 3 11 
TRACKER 

TRACKER 1 PCCOV, 97.52 AVNSa 3.18 NGNS: 11 
tracker 

tracker 1 pCCOVa 95. OA AVNS= 3-23 NGNS 3 12 
TRACKER 

TrACrSR 1 pCC 0 V 3 9A.21 AvrS 3 3.21 rGrS" 16 
TRACKER 

TrACKEr 1 pCC 0 V 3 93.39 Avrs* 3-53 N C NS- 19 
TRACKER 

TrACKEr 1 pCC 0 V 3 95.87 Avrs = 3.60 rGrs 3 19 
TRACKER 

TrACKEr 1 pCCOyo 94.21 AyN s a 3.61 NGNja 16 
TRAfKER 

Tr 4C k 6 r 1 p CC 0V * 9 5 *67 A vNS * 3 - 64 NgNS* 14 
r RACKER 

trJcRIr 1 pCC ° V * ”' 17 AVnS ° 3,51 nGnS * 10 

TRACKER 1 PCCOV 3 97.52 AVNS 3 3.50 NGNS 3 11 
TRACKER 


TrACKEr 2 PCCOya 95,87 AyNj* 3.12 NQNg 


TRACKER 

2 

PCCOVa 

95,04 

AVNS* 

3.06 

rons* 

12 

TRACKER 2 

PCCOV" 

97. *2 

AVNS* 

S. 0 7 

RqNS* 

13 

TRACKER 

2 

PCCOV" 

96.69 

AVNS* 

3 01 

NQNS* 

14 

tracker 

2 

pCCQV a 

91.74 

AVNS* 

2.92 

nONS* 

14 

TRACKER 

2 

PCCOyt 

86,78 

AyNg* 

2.66 

NONs* 

16 

TRACkEr 

2 

PCC 0 V* 

83.47 

AVrS* 

2.66 

RONS* 

15 

TRACKER 

2 

PCCOV* 

88.43 

AVNS* 

2.84 

NqNS* 

11 

tracker 

2 

PCCOVa 

94.21 

AVNS* 

3 - 0 j 

nqns* 

12 

TRacKeR 

2 

PCCOV" 

96.69 

AVNS* 

3.06 

NqNS* 

9 

TR*cKE h 

2 

Pec ov* 

98.35 

AVNS* 

3. 2D 

NqNS* 

12 

TRACrEr 

2 

PCC 0 V" 

93.39 

AVrS* 

2.96 

RONS* 

13 

TRACKER 

2 

PCCOya 

90.91 

AyNS* 

2.79 

NQNS, 

12 

TRACKER 

2 

PCCOV" 

90. »1 

AVNS* 

2.65 

NQNS* 

12 

TRACKER 

2 

PCCOV* 

91.74 

AVNS* 

2.98 

NQNS* 

14 

TRACKER 

2 

PCCOV* 

93.39 

AVNS* 

3 - 08 

nqns* 

11 

TrACKEr 

2 

pCC 0 ya 

91.74 

AVNS« 

2.98 

NQNS* 

11 

TRACKER 

2 

PCCOV* 

92.56 

AVNS* 

J 22 

nqn$» 

11 

TrACKEr 

2 

pCCOy* 

95.04 

A V N S * 

3.18 

NQNg. 

11 

TRACKER 

2 

PCCOV, 

97.52 

AVNS. 

3 .17 

NQNS, 

11 

TRACKER 

2 

PCCOVa 

95.04 

AVNS* 

3 22 

NQNS* 

12 

TRACkEr 

2 

pCC 0 V* 

94.21 

AVrS* 

3.21 

rQnS* 

16 

TrACKEr 

2 

pCCgy. 

94,21 

AVNS* 

3.55 

N ONS* 

16 

TrACKEr 

2 

pcc 0 y* 

95.87 

avrs* 

3.60 

rQNS* 

19 

TrACKEr 

2 

PCCOy* 

94.21 

AyNg* 

3.62 

NQNg* 

16 

tr ac ke« 

2 

Pcc 0v * 

9® • 87 

aVns* 

3.64 

NqNS* 

14 

tracer 

2 

pCC 0 V* 

99.17 

*v nS » 

3.50 

n g nS- 

10 

TRACKER 

2 

PCCOV* 

97.52 

AVNS* 

3.50 

NQNS* 

11 



THTS* 

nr oo 

PCFIX* 9 o . p 8 

TPacKEP 

tracker 

1 

PCCOV* 95. „ 4 

AVNS* 

3‘ 36 

NGNS* 

12 

TRACKER 

2 

PCCOV* 95 . a4 

AVNS* 

3-36 

NSNS* 

12 

THTSo 

1 44 .00 

P C FIX, 95'0 4 
pCFIXa 93.39 

TR AC KgR 

TrACKEr 

1 

PCCOV* 97 . j2 
pCCgV* 96.69 

AVNS. 

3.1 7 

N 6 NS* 

9 

tr aC k e r 

2 

PCCOV* 9 7 .j2 

*VNS* 

3.13 

NgNS* 

9 

thts« 

147.00 

TR*C k Er 

TRACKER 

i 

AV n S = 

3.33 

nSs = 

14 

Tracer 

2 

pCCgV* 96,69 

av n s- 

3.3l 


14 

THTS. 

150.00 

PCFI X * 95,04 

TRACKER 

i 

PCCOy* 97.52 

A..NS, 

3.74 

NGNS* 

15 

tracker 

2 

PCCO„* 97 52 

AyNS* 

3.69 

NgNS. 

19 


TRACKER 



V 











t h ts. 

153,00 

PCFIX, y3 , 3 y 

tr ac ke r 

jRACKER 

1 

PCC 0V ' 9 6 ' 6 9 

a vns* 

3.6, 

NgNS* 

14 

tr aC k e r 

2 

Pcc° v * 9 4 -*9 

aVNS. 

3.64 

NgNS* 

14 

t h t s. 

154.00 

pCpjX* 96.69 

tracker 

TRACKER 

1 

pCCoVa 98.35 

AVnS* 

3.70 

NgNS* 

20 

Trac k er 

2 

pCCqV* 98,35 

av n s« 

3.66 

NgNS* 

to 

THTS a 

159 _ 0 0 

PCFIX.100,00 

TRACKER 

TRACKER 

1 

pccov a ioo,oo 

AVNS. 

3. 87 

NGNS- 

15 

TRACKER 

2 

PCCOV, 106. 00 

AVNS. 

3.89 

NgNS. 

19 

THTS* 

162.00 

pCF I X = 1 0 0 . 00 

TrACKEp 

TRACKER 

i 

p cc 0 v*ioo .00 

Av n s= 

3.74 

nSs* 

9 

TrACKEr 

2 

pCC o v* 10 d.I )0 

*V N S' 

3.73 

N Q n8» 

9 

thts* 

165,00 

pCFIXa 95.04 

TrACKE* 

TRACKER 

TRACKER 

1 

pCCgV* 97.52 

av n s» 

3 . 81 

n b ns= 

10 

TrACKEr 

2 

pCC 0 v* 97.52 

av n s« 

3.79 

n q nS* 

10 

THTS« 

1 6 8.00 

pcnx=ioo.oo 

1 

PCCOV=lOO.OO 

AVNS* 

3 • 98 

NGNS* 

9 

tracker 

2 

PCCOV*100 .00 
P cc OV* 97 i 52 

aVNS* 

3 98 

NgNS* 

9 

TrACKEd 

t h ts. 

171.00 

P c f 1 X* 95.04 

™acM 

tracker 

1 

P CC 0V= 97.52 

4 vns* 

4.11 

NgNS* 

16 

TRa C K E R 

2 

aVNS* 

4.07 

NgNI* 

16 

pCC 0 v* 97.52 

THTS" 

174,00 

pCFIX* 95.04 

TrAC k Er 

tracker 

i 

pCC 0 V= 97.52 

av n s= 

3.81 

n 6 ns= 

17 

TrACrEr 

2 

av n s» 

3.80 

n°nS« 

17 

THTS* 

l 77 . 0 o 

PCFIX* 9 j . 3 9 

tracker 

tracker 

1 

PCCOV* 96.69 

AVNS* 

3-31 

NGNS* 

9 

tracker 

2 

PCCOV* 98.69 

AVNS*' 

3-3l 

NON9* 

9 

PINAL 1 

DATA 
















NIPT. 

7260 

PCFIXa 90.66 

tracker 

1 

PCCOV* 95.25 

AVNS* 

3.38 

NGNS* 

20 

tracker 

2 

PCCOV* 99,28 

AVNS. 

3.37 

NgNS. 

to 


tracker 



Case input Data 


co 


TRACKER 1 
TRACKER 2 


NUM8ER OF STARS IN CATALOG ’* 4827 

number of star TRACKERS * 2 

INITIAL SUN ANQLE (DEO) « i8o-00 

FINAL SUN ANGLE (DEG) » ibB-00 

SUN ANGLE INCREHENT (DEG) • ' j.00 

I VEHICLE ROTATION INCREMENT (DEG) » j.qo 


DIAMTR OF FIELD OF VIEW (DEG) • 6.0000 
unit, vector direction components trxr * 

DIAMTR OF FIELD OF VIEW (DEG) • 6.()000 

unit vector Direction components trxr » 


LIMITING MAGNITUDE » 6.0008 

0 TRYR ■ 1.0000 

LIMITING MAGNITUDE « 6.Q0OO 


TRIR • 0 

TRfR ■ i'oooo 


i 

SUNLINE DATA I 


thts» 

lBo .00 

PCFIX. 

91.74 

TRACKER 

TRACKER 

1 

pccov* 

95.87 

AVNS* 

3-51 

NONS* 

8 

TRACKER 

2 

PCCOV* 

95.87 

AVNS* 

349 

NGNS* 

6 

t h t s * 

183.00 

PCFI„. 

93.39 

.RACKER 

TRACKER 

i 

PCCOy, 

96,69 

A v NSa 

3.75 

NGNS. 

11 

.RACKER 

2 

PCCOy. 

96,69 

AyNS* 

3.73 

NQNS. 

11 


















T h TS = 

186.00 

P C r ,X. 

98.35 

TRACER 

tracker 

1 

pCCoV* 

99.17 

AVNS* 

3.73 

N(jNS = 

10 

trac ke r 

2 

PCCoV* 

99.17 

AVnS* 

3.70 

NqNS* 

10 

TmTS* 

189,00 

PCFIX. 

90.08 

TRACKER 

TRACKER 

1 

PCCOV" 

95.04 

AVNS. 

3.59 

NGNS» 

12 

TRACKER 

2 

pccov. 

95.04 

AVNS* 

3.54 

NGNS* 

12 

THTS* 

thts* 

192.00 

PCFIX. 

92.56 

tracker 

tracker 

1 

PCCOV* 

95.87 

AVNS. 

3.49 

NGNS. 

11 

TRACKER 

2 

pccov* 

95.67 

AVNS* 

3.42 

NQNS* 

11 

1»5. 0 0 

PCFIXn 

95-87 

tracker 

tracker 

i 

PCCOV= 

97.52 

AVNS* 

3-69 

NGNS* 

10 

TRACKER 

2 

PCCOV* 

97-52 

AVNS* 

3 65 

NQNS* 

10 


t h ts* 

198,00 

PCFI X . 

94.21 

TrACKEh 

tracker 

1 

PCCOy. 

96,69 

AyNj. 

3.76 

NGN S . 

12 

TrACKEr 

2 

PCCOy* 

96.69 

AyN s * 

3.74 

nqn s . 

12 

t h ts* 

201,00 

PCF I x • 

96.69 

tracker 

TRACKER 

1 

PCCOy . 

98,35 

AyNj. 

3.64 

NGN S . 

15 

TrACKE r 

2 

PCCOy* 

96,35 

AyN s * 

3.64 

NQNjj, 

15 

thts* 

204.00 

pCFIX. 

VI. 74 

TR*C k Er 

TRACKER 

1 

pCCgV* 

95.87 

*V N S" 

3.71 

n g ns= 

17 

TrAC k Er 

2 

pCC 0 V* 

95.87 

AV N S* 

3.71 

n g ns» 

17 

thts. 

207 00 

PCFI XI 

91 74 

TRACKER 

1 

P CC 0 y a 

95.87 

AyNSa 

3.49 

NGNS, 

16 

TRACKER 

2 

PCCOy, 

95,87 

AyNS. 

3 50 

NQNS, 

16 





TRACKER 
















t h ts. 

210.00 

p G Fl Xo 

90.08 

tr ac k e b 

TRACKER 

1 

p cc 0Vc 

95.04 

a vns. 

3.60 

N G NS = 

13 

tr ac k e r 

2 

p cc° v * 

95.04 

a vns* 

3.60 

NqNS* 

13 

THTS" 

2l3 • oO 

PCFIX* 

0 l ,e 2 

tracker 

tracker 

1 

PCCOV. 

V’l 

AVNS = 

3-5» 

NGNS. 

12 

tracker 

2 

PCCOV* 

V*1 

AVNS* 

3-57 

nqns* 

12 

thts* 

216.00 

PCFIX. 

90.08 

TRACKER 

tracker 

1 

PCCOV. 

95.04 

AVNS = 

3.38 

NGNS = 

13 

TRACKER 

2 

PCCOV* 

95.04 

AVNS* 

3.36 

nqns* 

13 

t h ts* 

219.00 

pC f ,x. 

91.74 

TRACkcR 

TRACKER 

1 

pCCoV. 

95.87 

avns. 

3.67 

N G NS = 

18 

trac K£ r 

2 

PCCOV* 

95.87 

AVNS* 

3.65 

NqNS* 

18 

THTS* 

222.00 

PCFIX. 

95.04 

TRACKER 

TRACKER 

1 

pccov. 

97.52 

AVNS = 

3.58 

NGNS. 

18 

TRACKER 

2 

PCCOV* 

97.52 

AVNS* 

3.56 

nqns* 

18 

t h ts* 

225,00 

PC Fl X. 

83.47 

tracer 

tracker 

1 

pCCoV. 

91.74 

AVNS = 

3.25 

N 0 NS. 

12 

TRAC Kg R 

2 

PCCoV* 

91.74 

AVNS* 

3.23 

NqN8* 

12 

t h ts. 

228,00 

P CFI X " 

93.39 

. TRA k'cR 
TRArKPB 

1 

P CC 0V ' 

96,69 

avns. 

3.40 

N 0 NS = 

11 

tr* c k 6 r 

2 

p cc° v * 

96.69 

AVNS* 

3.40 

NqNS* 

11 

THTS* 

2jl,00 

PCFIX. 

91-74 

tracker 

jpACKEp 

1 

PCCOV* 

95-87 

avns. 

3 * 34 

NGNS. 

17 

tr*cmer 

2 

Pccov* 

95-87 

*VNS* 

33* 

NQNS* 

»7 

THTS* 

234.00 

pCF | X. 

83.47 

TRAC K Efl 

tracRer 

1 

pCCgV* 

91,74 

Av N S". 

3.28 

n g nS= 

17 

TR*CrEr 

2 

pCC 0 V* 

91.74 

AVrS* 

3.23 

N°NS« 

17 


I 


I 



CO 

00 


THTS. 

237. O o 

PCFIX* 

’i . 74 

TRACKER 

TRACKER 

1 

PCCOV= 95,87 

AVNS* 

3-12 

THTS« 

8<0 • (iO 

PCFIX. 

90.08 

TRACKER 

tracker 

1 

pCCOV. 95.04 

AVNS* 

3 . Q7 

t h t s« 

243.00 

PgF 1 ** 

,5.04 

FRjrKpR 

trackIr 

1 

P CC 0V. ,7.52 

a vns = 

3.07 

THTSo 

thts* 

24«.oO 

PCF I X. 

93.39 

tracker 

tracker 

1 

PCCOV* 96.69 

AVNS. 

3-00 

249.00 

PCFIX. 

84.30 

tracker 

tracker 

1 

PCCOV * 9i , 74 

AVNS* 

2.91 


thts* 

252.00 

PCFIXs 

73.55 

tracker 

tracker 

1 

PCCOV* 86.78 

AVNS* 

2.67 

t h ts° 

255.00 

PCFIx* 

68.60 

T„4CKE b 

tracker 

1 

pCCOy. 83.47 

AyNj. 

2.67 

TUTS* 

thts. 

258.00 

26i*°° 

pCFjX. 

77.69 

TR*C k Er 

TRACKER 

1 

pCC q V * 88 . 43 

Av N s* 

2.85 

PCFIX. 

88.43 

tracker 

TrACKEp 

1 

PCCOV* 94. 2l 

AVNS* 

3 ‘ °5 

thts* 


2 6 4.00 

PCFIX. 

9 3.3 9 

TR 4C K E R 

1 

p ccov» 96 . 69 

A VNS* 

3-0* 

Th t S* 

267.00 

pCF,X. 

96.69 

TrACKEo 

TrAC k Er 

1 

pCCoV* 98,35 

A VrS* 

3.21 





tracker 




t h ts* 

THTS. 

270,00 

PCFI X , 

86.78 

tracker 

tracker 

1 

pCCOy* 93.39 

AyN s * 

2.98 

273.00 

PCFIX. 

80.99 

tracker 

tracker 

1 

PCCOV* 90.08 

AVNS* 

2.77 


thts* 

THTS. 

276.00 

PCFIX. 

81.82 

tracker 

TRACKER 

i 

PCCOV* 90.91 

AVNS. 

2.84 

279.00 

PCFIX = 

82.64 

tracker 

1 

PCCOV, 90.91 

AVNS, 

2.96 

thts« 




TRACKER 





2 fl 2-00 

PCFIX. 

86.78 

TRACKER 

TRACKER 

i 

PCCOV* 93.39 

AVNS* 

3*0® 


t h ts" 

283.00 

PCFIx. 

83.12 

Ih ACKE r 

TRACKER 

1 

PCCOy. 91.74 

A yNg . 

3.00 

thts. 

2 8b .00 

P C FIX. 

8 5.12 

TRa C K E R 

1 

PCC 0V ° 9 2<5 6 

A VNS = 

3.23 

THTS* 

291.00 

PCFIX. 

9 0 . 0 8 

tb ACKE h 

tracker 

1 

PCCOV* 95.04 

AVNS = 

3.17 





tracker 





THTS" 

294.00 

PCFIX. 

95.87 

tracker 

tracker 

1 

PCCOV* 97.52 

AVNS. 

3.16 

THTS" 

2’7. o0 

PCFIX. 

9 0'0 8 

tracker 

tracker 

1 

PCCOV* 95. „4 

AVNS* 

3 - 23 

thts* 

300,00 

pCFIx. 

88 .43 

TpACKEp 

TRACKER 

1 

pCCgV* 94,21 

*v NS = 

3.21 

t h ts* 

303.00 

PCFI X . 

87.60 

?8acke8 

1 

PCCOy. 93.39 

AyNj. 

3.53 

t h ts" 

306.00 

PCFI X . 

91.74 

TrACKEr 

TRACKER 

1 

PCCOy. 95,87 

AyNg. 

3.50 

thts. 

309.00 

PCFI„, 

88 43 

tracker 

TRACKER 

1 

PCCOV, 9421 

AVNS, 

361 

T H TSa 

312.00 

PCp j X. 

91.74 

TRAC Ke R 

TRACKER 

1 

pCCoV. 95,87 

AVNS* 

3.64 

thts. 

315.00 

PCFI X . 

98 35 

TRACKER 

TRACKER 

1 

PCCOV, 9917 

AVNS, 

3 53 

thts. 

31 8 .00 

PCFIX. 

,5.04 

tr ac ker 

1 

PCC°V= 97*82 

a vns = 

3.50 

THTS, 

321.00 

PCFIX. 

90 .08 

TpACKEp 

tracker 

1 

PCCOV, 95.04 

AVNS, 

3. 37 


TRACKER 


NGNS* 

13 

TRACKER 

2 

PCCOV* 

9J.87 

AVNS* 

3 12 

NQNS* 

13 

NONS* 

12 

TRACKER 

2 

PCCOV* 

99.04 

AVNS* 

3. 06 

NONS* 

12 

NoNS* 

13 

TR AC K E R 

2 

P CC 0V* 

,7.52 

aVNS* 

3.07 

nqNs* 

13 

NGNS = 

14 

TRACKER 

2 

PCCOV* 

96.69 

AVNS* 

3-01 

NONS* 

14 

NGNS* 

14 

TRACKER 

2 

PCCOV* 

91.74 

AVNS* 

2 92 

NQNS* 

14 

NGNS* 

16 

TRACKER 

2 

PCCOV* 

86.78 

AVNS* 

2. 66 

NQNS* 

16 

NGNg = 

15 

TrACKEr 

2 

PCCOy* 

83.47 

AyNg* 

2.66 

NQNg, 

13 

n g nS= 

11 

TR*C k Er 

2 

P CC 0 V* 

88.43 

AV N S* 

2 84 

n 0 nS* 

11 

NGNS* 

12 

tracker 

2 

PCCOV* 

94-21 

avns* 

3°6 

nqns* 

12 

NGNS* 

9 

TRaCKER 

2 

PecOV* 

96*69 

aVNS* 

’•% 

NQNS* 

9 

N®NS = 

12 

TRACrEr 

2 

pCC 0 v* 

98.39 

*V N S- 

3.20 

n°ns* 

12 

NGN S . 

13 

yRACKER 

2 

PCCOy* 

93.39 

AyN s * 

2.98 

NQNg, 

13 

NGNS* 

12 

TRACKER 

2 

PCCOV* 

90.91 

AVNS* 

2.79 

NQNS* 

12 

NGNS* 

12 

TRACKER 

2 

PCCOV* 

90. »1 

AVNS* 

2- 85 

NGNS* 

12 

NGNS. 

14 

tracker 

2 

PCCOV, 

91.74 

AVNS, 

2 98 

nqns. 

14 

NGNS* 

11 

tracker 

2 

PCCOV* 

93.39 

AVNS* 

3o» 

nqns* 

11 

NGNg. 

11 

Tr^^r 

2 

PCCOy* 

91,74 

AyNg* 

2.98 

NQNg. 

11 

NONS* 

11 

tr aC k e r 

2 

PecOV* 

9 ?,5 6 

a VNS* 

3.22 

NQNS* 

11 

NGNS = 

11 

tracker 

2 

PCCOV* 

95.04 

AVNS* 

3 IS 

nqns* 

11 

NGNS = 

11 

TRACKER 

2 

PCCOV* 

97,52 

AVNS* 

3.17 

NQNS* 

11 

NGNS = 

12 

tracker 

2 

PCCOV* 

’3. ]4 

AVNS* 

3 22 

NQNS, 

12 

N C N3 = 

16 

TrACKEr 

2 

pCCpV* 

94.21 

*v NS - 

3.21 

N Q NS" 

16 

NGNg. 

16 

TrACKEr 

2 

PCCOy* 

94, 2l 

AyNg* 

3.53 

NQNg, 

16 

NGNg = 

19 

TrACKEr 

2 

PCCOy* 

95.87 

AyNg. 

3.60 

NQNg. 

19 

NGNS- 

16 

tracker 

2 

PCCOV, 

94 21 

AVNS* 

3 62 

NQN9, 

16 

n g ns = 

14 

trac Ke r 

2 

PCCoV* 

93,87 

AVnS* 

3.64 

NqNS* 

14 

NGNS, 

10 

tracker 

2 

PCCOV, 

9917 

AVNS, 

3 50 

NQN$, 

10 

NGNS* 

11 

tr aC keR 

2 

Pcc° v * 

97 .52 

avns* 

3.50 

NQNS* 

11 

NGNS, 

12 ' 

tracker 

2 

PCCOV, 

95.04 

AVNS, 

3.36 

NQNS, 

12 



TMTSa 

324<o0 

PCF IX* 9 5 .(,4 

tracker 

tracker 

1 

PCCOVa 97-52 

AVNS = 

3-14 

NGNSa 

9 

TRACKER 

2 

PCCOV* 97- »2 

avns* 

313 

NGNS* 

9 

THTS* 

327.00 

PCF I Xa 93.39 

TRACKER 

tracker 

l 

PCCOVa 96.69 

AVNSa 

3.30 

NGNSa 

14 

TRACKER 

2 

PCCOV* 96.69 

AVNSa 

3 3l 

NQNS* 

14 

THTSa 

330.00 

PCF I Xa 95.04 

tracker 

tracker 

1 

PCCOVa 97.32 

AVN9 = 

3.72 

NGNSa 

15 

TRACKER 

2 

PCCOV* 97.32 

AVNS* 

3.69 

NGNS* 

IS 

V s ' 

333.00 

pCp j X a 93.39 

tracer 

trackEr 

l 

pCCOVa 96,69 

Avn9 = 

3.68 

n g ns> 

14 

TRACER 

2 

pCCoVa 96.69 

AVnS* 

3.64 

N 8 N9* 

14 

T H rs* 

336.00 

pCF 1 x s 96.69 

t „acke r 

tBacker 

1 

p CC oV . 98.35 

AyNg* 

3.74 

NGN 

20 

t r acke r 

2 

p CC 0 y* 98,33 

AyN $ * 

3.66 

NON, a 

20 

THTS* 

339, oO 

PCFIXalOO.OO 

tracker 

tracker 

l 

pCCOValOO-OO 

AVNS> 

3.92 

NGNSa 

IS 

TRACKER 

2 

pccov*ioo . oo 

AVNS* 

383 

NQNS* 

13 

t h ts* 

342.00 

PCFl x al00.00 

TpACKEp 

tBacker 

1 

pCCOyslOO , 00 

*V N S* 

3.73 

NGN s a 

9 

Tr acke r 

2 

PCCOyalOO. 70 

AyN $ . 

3.73 

NON, a 

9 

t h ts* 

345.00 

PCFI„a 95,04 

.RACKER 

THACKER 

l 

pCCOya 97,52 

*V N S s 

3.82 

NGN S = 

10 

^PACKER 

2 

PCCOy* 97,3? 

AyNj* 

3.79 

NON,. 

10 

t h ts. 

346.00 

PqP I XalOO . 00 

TR AC k E F 

tracker 

l 

P cc OValOO.OO 

AVNSa 

4.01 

NoNSa 

9 

tracker 

2 

p cc ov*ioo.oo 

avns* 

3.98 

NqNS* 

9 

t h ts. 

351,00 

P CF jXa 95.04 

TrA-KcR 

trackEf 

1 

p cc OVa 97.32 

AVNSa 

4.09 

n g ns= 

16 

TRA c k E R 

2 

P CC 0V* 97.32 

avns* 

4.07 

NqNS* 

16 

t h ts* 

334,00 

PCF I X a 03.06 

TrACKEd 

IrackeS 

1 

pCCOya 97,32 

AyNja 

3.33 

NGNja 

17 

TrACKEr 

2 

PCCOy* 97,32 

AyN s . 

3.60 

NON, a 

17 

thts« 

3 57 .00 

PCFlXa ,3.3, 

tr ac k e r i 

_ A rw C J 

PCCOV* , 6 . 6 , 

AVNSa 

3.31 

NGNSa 

9 

TR AC KER 2 

PCCOV* 95.69 

avns* 

3.31 

NqNS* 

9 


TnACKEp 

tHTS* 360.00 pCFIX* 01.76 Tracer 1 p CC 0 V* 03.37 *V N S* 3.31 N » N s« 8 TrAC k Er 2 pCCgV* 00.37 Av N S* 3.60 M 0 N S» 8 

tracker 


i 

FINAL DATA ! 

NLDT. 7301 PCF IX* 00.67 TRACKER 1 PCCOV* 93,26 AvNSa 3.33 NONS* 20 TRACKER 2 PCCOV* 99,39 AVN3» 3.37 NQN9» *0 

TRACKER 

I 

I 

I 

I ' 

I 

! 


I 

I 


I 

co ! 

«o i 


i 



o 


TRACKER 1 
TRACKER 2 
TRACKER 3 


CASE INPUT DATA 


NUMBER OF STARS IN CATALOG 
NUH 8 ER OF STAR TRACKERS 
INITIAL SUN ANGLE (DEG) 

FINAL SUN ANGLE (DEG) 

SUN ANGLE INCREMENT (DEO) 

VEHICLE ROTATION INCREMENT (DEG) 


4827 

3 

0 

90-00 

3-00 

3-00 


DIAMTR OF FIELO OF VIEW (DEG) ■ 6.0000 

UNIT VECTOR DIRECTION components trxr = 

DIAMTR OF FIELD OF VIEW (DEG) ■ 6.0000 

UNIT VECTOR DIRECTION COMPONENTS TRXR * 

DIAMTR OF TIELD OF VIEW (DEO) » 6-0000 

UNIT VECTOR DIRECTION COMPONENTS TRXR = 


LIMITING MAGNITUDE » 6.0000 

0 TRYR • 1-0000 

LIMITING MAGNITUDE * 6.0008 
O' TRYR * -7071 

LIMITING MAGNITUDE • 6-0000 
O' TRYR > 0 


fRlR • 0 
TR2R » -7J71 
tRlR • 1-0000 


SUNLINE DATA 


thts* 

0 

PCF 1 Xa 98.39 

TRACKER 

1 

pccov. 

95.87 

AVNS: 

3.51 

NGNS = 

8 

TRACKER 

2 

PCCOV* 

95.87 

AVNS* 

3 ■ 5q 

NGNS. 

8 




TRACKER 

3 

PCCOV. 

95.87 

AVNS. 

3-49 

NGNS = 

a 

TRACKER 







t h ts* 

3,00 

PCFI X , 98.35 

TrACKEr 

1 

pcco v = 

96,69 

AyN,: 

3.73 

NGN S = 

11 

TpACKEp 

TRACKER 

2 

PCCOy* 

96,69 

AyNg* 

3.74 

NON,, 

11 




TRACKER 

3 

PCCOV* 

96.69 

AVNS. 

3. 73 

NGNS* 

11 








THTS, 

6,00 

PCFI X -10000 

TRACKER 

1 

PCCOV: 

99 17 

AVNS- 

3 69 

NGNS, 

10 

TRACKER 

2 

PCCOV* 

99 17 

AVNS. 

3 71 

NQN$, 

10 




tracker 

3 

pccov* 

99 1 17 

AVNS = 

3 ’. 70 

NGNS = 

10 

TRACKER 



* 





T H TS. 

9.00 

P C FlXslOO.OO 

tr* c k e r 

1 

Pc C OV = 
PCCOV- 

95.04 

*VNS. 

3.55 

NgNS = 

12 

tr ac k f r 

2 

P CC 0 V* 

95.04 

a vns* 

3.55 

NqNS* 

12 




tracker 

3 

95 04 

AVNS- 

3 54 

NGNS: 

12 

TRaSkER 






t h ts. 

12.00 

PC F 1 X« 99.17 

track e R 

1 

pCCoV* 

95 i 87 

avns = 

3 i 45 

NkNS. 

11 

trac ke r 

2 

PCCOV* 

95.87 

AVNS* 

3.42 

NqNS* 

11 



tracker 

3 

PCCOV, 

95 87 

AVNS. 

3 42 

NGNS, 

11 

TRACKER 




V s " 

15.00 

pC F ,X* 99.17 

TrAC K e R 

1 

pCCoVa 

97 .’52 

AVNS = 

3 .’68 

NqNS = 

10 

trac ke r 

2 

PCC 0 V» 

97.52 

AVnS* 

3.66 

NqNS* 

10 




tracker 

3 

PCCOV- 

97 52 

AVNS. 

3 65 

NGNS. 

10 

TRACKER 






thts. 

18,00 

PCFI X « 9917 

tracker 

1 

PCCOV- 

96 ’ 69 

AVNS; 

3*77 

NGNS: 

12 

TRACKER 

2 

PCCOV: 

96 69 

AVNS. 

3 74 

NQNS, 

12 




tracker 

3 

PCCOV* 

96 .’69 

AVNS. 

3^4 

NGNS. 

12 

Tracker 



* 



t h ts. 

21.00 

pCfjXslOO.OO 

trac k er 

1 

pCCoV * 

98.35 

avns= 

3 . 64 

NrNS = 

15 

trac k er 

2 

pcc 0 v* 

98.35 

AVnS* 

3.66 

NqNS« 

15 

thts* 


TRACKER 

3 

PCCOV, 

98.35 

AvNS. 

3.64 

NGN5- 

15 

TRACKER 






24.00 

PCF I X. io o . o 0 

tracker 

1 

PCCOV = 

95.87 

AVNSE 

3 .7i 

NGNS. 

IT 

tracker 

2 

PCCOV* 

95.87 

AVNS* 

3-77 

NQNS* 

1 7 




tracker 

3 

PCCOV* 

95-87 

AVNS. 

3- 7i 

NGNS = 

i7 

tracker 








V s * 

27,00 

P c f | X sl 00 , 00 

TRApKpR 

TRACKER 

i 

3 

P CC 0V= ’ 

PCCOV; 

95.87 
95 87 

AVNS = 
AVNS- 

0 . 50 
3 50 

n 6 ns= 

NGNS; 

16 

16 

tra c k e R 

TRACKER 

2 

P CC° V * 

95,87 

AVNS* 

3.52 

NqNS* 

16 

thts. 

jO.UO 

PCF I X# 98 . 35 

tracker 

TpACKEp 

J 

PCCOV. 

gcc 8 x : 


avns. 

‘Vws* 

Ml 

NGNS = 

n°ns = 

n 

TRACKER 

TpACKEp 

2 

PCCOV* 

95.84 

a vns. 

36® 

NQNS* 

13 

t h ts° 

33,00 

PCF I x , 96.69 

TpACKEp 

TRACKER 

1 

90,91 

A V N,. 

3,59 

NGN,: 

12 

TpACKEp 

TRACKER 

2 

PCCOy* 

90, »1 

A U N C « 

3.56 

NGN,: 

12 



3 

PCCOV* 

90.91 

AVNS. 

3.57 

NGNS = 

12 




* w 


3 

thts" 

36,00 

pCF j X » 98.35 

TrACuEr 

1 

pCC 0 V’ 

95.04 

*V N S = 

3.37 

n g nS= 

13 

TR A C K E R 

2 

pCC 0 y. 

95,04 

*V N S* 

3.36 

N°nS« 

13 




TRACKER 

3 

PCCOV, 

95,04 

AVNS. 

3.36 

NGNS,' 

13 

TRACKER 






thts* 

39,00 

pCFjX.100.00 

TR*C k Er 

1 

pCC 0 V = 

95.87 

*vns = 

3 . 65 

n g ns = 

18 

Tr*c k Er 

2 

pCCgV* 

95.04 

av n s* 

3.64 

n°nS* 

18 




tracker 

3 

PCCOV = 

95.87 

AvNs. 

3.65 

NGNS = 

18 

tracker 





thts» 

42.00 

PCFIX»ioo.OO 

TRACKER 

1 

PCCOV = 

97.52 

AVNS. 

3.57 

NGNS = 

18 

tracker 

2 

PCCOV* 

97.52 

AVNS* 

358 

NQNS* 

lB 




tracker 

3 

PCCOV. 

97.5? 

AVNS. 

3-56 

NGNS = 

1® 

tracker 




V s * 

45.00 

pC FJ X. 98.35 

TrACk e R 

1 

pCCoV= 

91,74 

*VNS = 

3 . 22 

NgNS = 

12 

T R A C K p R 

2 

PCC 0 V* 

91.74 

AVNS* 

3.26 

n„ns« 

12 



TRACKER 

3 

PCCOV, 

91 74 

AVNS. 

3 23 

NGNS. 

12 

TRACKER 







t h ts* 

48,00 

pCFIxslOO.OO 

TpACKEp 

trackeH 

1 

3 

Scc8 v v = . 

96 i 69 
96.69 

AyN,: 

AVNS. 

3 1 39 
3.40 

NGNc = 
NGNS = 

11 

11 

TpACKEp 

TRACKER 

2 

P Cc 0 v* 

98,69 

AyN s * 

3.42 

NQNj* 

11 

thts« 

51.00 

PCFIXalOO .00 

TRACKER 

1 

PCCOV. 

95.87 

AVNS. 

3.32 

NGNS = 

17 

TRACKER 

2 

PCCOV* 

95,87 

AVNS* 

3.34 

NQNS* 

17 




TRACKER 

3 

PCCOV. 

95.87 

AVNS. 

3 ■ 32 

NGNS = 

l7 

TRACKER 




THTS. 

34,00 

PCF I X. 96.69 

TRACKER 

1 

PCCOV. 

91,74 

AVNS. 

3,26 

NGNS. 

17 

TRACKER 

2 

PCCOV, 

91, 74 

AVNS, 

3.25 

NQNS. 

17 




TRACKER 

3 

PCCOV? 

9i , 74 

AVNS. 

3-25 

NGNS = 

1 T 

TRACKER 





8 



t h ts* 

97.00 

PCFI X *100.00 

JgACKE-l 

1 

PCCOy* 

95,87 

AyN.S 

3.12 

NON,* 

13 

ir acke r 

2 

PCCOy* 

95.87 

AyN.* 8-12 

NON,* 





TRACKER 

3 

PCCOV* 

95.87 

AVNS* 

3.12 

NGNS* 

13 

TRACKER 





5 


thts* 

6 0,00 

PCFIX. 98-35 

TRACKER 

1 

PCCOV* 

95-0. 

AVNS* 

{■87 

NGNS* 

12 

TRACKER 

2 

PCCOV* 

95,84 

AVNS* 3 .0 6 

NQNS* 





TrACKEr 

3 

pCCgV* 

95.04 

*V N S* 

3.06 

N C NS = 

IS 

TrA.CKEr 







this* 

63.00 

pCFlK.100.00 

tracker! 

1 

pCCoV* 

97.52 

AVNS* 

3.07 

nGnS* 

13 

TrACrEr 

2 

PCC 0 V* 

96,69 

AVnS* 3.05 

nGnS* 





tracker! 

3 

PCCOV* 

97.52 

AvNS* 

3.07 

NGNS* 

13 

TRACKER 







Th t S* 

66,00 

P C FlX*100.00 

TR AC KgR| 

1 

Pcc 0v = 

96.69 

avns* 

3.03 

NgNS* 

14 

TRacK E R 

2 

P CC 0V* 

96,69 

a VNS* 3.00 

NoNS* 





TRACKER 

3 

PCCOV. 

96 69 

AvNS, 

3 01 

NGNS, 

14 

TRACKER 







thts* 

69,00 

PCFIX* 97.52 

TRACKER! 

1 

PCCOV* 

9 1 ,* 7 4 

AVNS* 

2.‘ 93 

NGNS* 

14 

TRACKER 

2 

PCCOV* 

91.74 

AVNS* 2.9i 

nqns* 





TRACKERi 

3 

PCCOV* 

9!. 7a 

AVNS* 

2-9 2 

NGNS* 

l4 

TRACKER 







thts* 

72.00 

PCFIX. 98-35 

tracker 

1 

PCCOV* 

86 ■ 78 

AVNS* 

2-66 

NGNS* 

Ij 

TRACKER 

2 

PCCOV* 

86'76 

AVNS* 2. 6 , 

NQNS* 





trACKEr| 

3 

pCCOy* 

86.78 

AyNc s 

2.66 

NGNc* 

16 

jgACKEp 







thts* 

79.00 

PCFIX* 93.39 

TRACKERI 

1 

PCCOV* 

83.47 

AVNS* 

2.68 

NGNS* 

IS 

TRACKER 

2 

PCCOV* 

83.47 

AVNS* 2.65 

NQNS* 





tracker! 

3 

PCCOV* 

83.47 

AVNS* 

2 • 66 

NGNS* 

l5 

TRACKER 







t h ts. 

78.00 

PC FI X. 95.87 

tracrcr! 

1 

pCCOV* 

88.43 

Avns* 

2.85 

NrNS* 

tl 

TRACkrR 

2 

pCCOV* 

66,43 

AVNS*: 2.84 

NqN9* 





tracker] 

3 

PCCOV, 

88 43 

AVNS, 

2 B4 

NGNS. 

11 

TRACKER 







thts. 

81.00 

PCFIX. 100. 00 

TRACKER 

1 

PCCOV, 

94 ; 21 

AVNS, 

3 ! 07 

NGNS. 

12 

TRACKER 

2 

PCCOV, 

94.21 

AVNS, 3.09 

NQNS, 





tracker! 

3 

PCCOV* 

94-21 

AVNS* 

3-0 6 

NGNS* 

12 

TRACKER 







thts. 

84 00 

PCFI X .100 00 

tracker! 

1 

PCCOV, 

96 69 

AVNS, 

3 06 

NGNS, 

9 

TRACKER 

2 

PCCOV, 

96 69 
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